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Abst ract

Results are presented for |leak tests of 15 wells. Leak
rates of the wells meet the DOE |eak rate criterion of no nore
than 100 barrel s per year per cavern, or approach this
criterion near enough to be acceptable.
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[ ntroduction

_ The Strategic Petrol eum Reserve is a national program

i nvol ving the underground storage of crude oil in salf done
cavities located in the Texas-Louisiana gulf coast area. To
achieve the required storage capacity, construction of a nunber
of new underground caverns is currently being inplenented at
DOE sites at the Bryan Mund salt donme in Texas and at the Vst
Hackberry and Bayou Choctaw salt donmes in Louisiana. Such
caverns are cavities in the salt dones |eached away bY t he
circulaton of raw water through wells. Goups of wells for new
caverns have been conpleted at the Bryan Mund and Vst .
Hackberry sites and a single well has been conpleted at the
Bayou Choctaw site. Leac |nﬂ of new caverns is well underway

at the Bryan Mund site and has been started at the West
Hackberry site

. DCE has established a criterion of 100 barrels per year
maxi num | eak rate from each cavern. Prior to beginning use of
wells for new cavern Ieachlnq, it is necessary to deternne
| eak rates of the wells, as |eakage fromthe conpleted cavern
is expected to equal or exceed that fromthe well used for
| eaching.  Such well tests can be expected to indicate
unacceptable leak rates for conpleted caverns, but conversely,
cannot insure that the conpleted cavern leak rate will be
accept abl e.

Pressure tests were run on 15 of the recently completed 16
wells at the West Hackberry site to determine well |eakage
rates. The tests were made by WIIiams-Feni x and Scisson using
subcontract ors Rayorback Ol Tools, Inc. for pressurizing the
wells and Lynes, Inc. for providin% pressure neasuring
instrumentation. The tests were observed by representatives of
Sandia Labs. Test results are included herein.

Description of Wlls

A schematic of typical well construction is shown in Figure
1, along with details for the individual wells from Reference 1
to 16. A surface casing to a dePth near top of caprock is
cenented to the surface. A smaller 26-inch dianeter
internediate casing into the top of the salt is cemented to the
surface. A smaller FZO-inch) diameter production caS|nﬁ
general |y about 400 feet into the salt Is cenmented to the
surface. ~ The bottom of the production casing is somewhat above
the top of the cavern to be developed. Two concentric casings
hang inside the ﬁroductlon casing: the |arger dianeter "first"
string to a depth sonewhat bel ow the bottom of the production
casing and bel ow the planned cavern roof; and the smaller
di aneter "second" string to a depth near the bottom of the
well. Leaching of salt fromthe uncased walls of the borehole
is acconplished by flowing water to the bottom of the wel



t hrough the second hanging string and renoving brine through

t he annulus between the two hanglng strings until a sunp vol une
adequate to accommodate the insolubles in the salt is created,
and then reversin? the flow. The outer annulus is filled with
oil to a depth below the seat of the production casing to avoid
| eaching salt near the casing seat.

Test Procedures

An anal ysis of factors of inportance to determning well
leak rates from pressure tests is presented in Reference 17,
?ndtls general ly the basis for procedures used for the subject

ests. .

~ The procedures, Reference 18, presune that the wells were
circulated full of clean saturated brine follow ng conpletion
of all drilling operations, and include the following: Field
lines are renoved fromthe wellhead and blind flanges _
installed. The well is conpletely filled with saturated brine
before pressurization is started (all gas accunulations in the
wellhead are bled off). A digital printout pressure recorder
Is used to record wellhead pressures at 30 mnute intervals on
the hour and on the half hour. The pressure neasuring system
is calibrated with a dead weight tester before and after each
well test. The well is pressurized to a test gradient of 0.86
psi/ft at the ﬁroductlpn caslng seat, Nom nal surface pressure
required for this gradient is 830 psi.  Maximum pressurization
rate is not to exceed 25 psi/min. The well is shut in when
test pressure is reached and pressures are recorded for 24
hours. At the end of the 24 hour test period, wellhead
pressures are reduced to atnospheric by bleed off of brine,
W th depressurization rate not to exceed 25 psi/min. Should
the pressure decline exceed 16 psi/hr during the first two
hours of the 24 hour test period, the well is re-pressurized
and the 24 hour test period re-started. Volunes of all fluid
injected into the well during pressurization and recovered from
the well during de-pressurization are recorded. \éll|
el asticity (barrels per psi pressure change) is determned from
the rel ation between measured vol unes and correspondi ng
pressure change. The rate of pressure decay (psi/hr) IS
determned for the |ast several hours of the test. The product
of well elasticity and pressure decay rate is the leak rate in
bbls/hr and nmust not exceed 0.0114 bbls/hr (0.48 gal/hr) for an
al lowabl e well leak rate of 100 bbls/yr.

Tests

In preparing for the tests followi ng renoval of field |lines
and the installation of blind flanges, prelimnary well
pressurizations were made to determ ne obvious wellhead | eaks.
During these pressurizations, a valve at the Bradenhead flange
was opened to vent the annular cavity between the 20"
production and 26" intermediate casings. Brine flowed from



this vent valve on five of the wells while they were under
pressure. In an attenpt to determne the source of the |eaks,

a dye was added to brine injected for Pressurization. On two
of the wells, 107 and 110, the fluid flow ng fromthe vent

val ve very soon showed traces of the dye, indicating fluid | oss
fromthe well was very near the wellhead. The most probable

| eak | ocation was considered to be the threads of the 20"
casing hanger. Epseal was squeezed into these threads before
further testing of these wells. On the other three wells, 101,
102, and 105, the fluid flowng fromthe vent valve never
showed any trace of dye. Subsequently on these wells

radi oactive iodine was injected into the annulus between the
20" production casing and the 16" hanging string at the
wel l head. The iodine was nmoved down hol e and radioactive
tracer logs were run. The tracer |ogs indicated | eaks about 56
f eet downhole in well 101, about 40 feet downhole in well 102,
and about 162 feet downhole in well 105. Epseal was squeezed
into the 26"-20" annuli in an effort to fill the |eak path down
to its Source before further testing of these wells.

- On wells 112, 113 and 116, several tests were attenpted in
whi ch the pressure decay rate was unacceptably high, but there
was no fluid flow fromthe 26"-20" annulus vent val ve.

However, fluid flow finally started with the wells

pressurized. Diagnostics simlar to those described above

i ndi cated a hanger thread |eak for well 113 and | eaks about 40
feet down hole for wells 112 and 116. Repairs simlar to those
described above were made on these wells before further testing

Results of leak tests on the above wells before the repairs
were made, are not included herein.

No gas of significance was detected in any of the wells.
However, methane gas was detected escaping fromthe annulus
bet ween the 36-inch surface casing and the 48-inch conduct or
casing of well 105. Epseal was squeezed into this annulus to
stop the escaping nethane.

Brine injected into the wells was punped froma rectangul ar
tank and brine recovered during depressurization was bled Into
a simlar tank. Volunes injected and recovered were cal cul ated
fromincremental neasurenents of brine depth in the tanks. In
addi tion, brine volune recovered durin%MdePressurization was
measured with a 1/2-inch flow neter. nul ative vol une from
the flowreter, along with pressure, was recorded at two mnute
intervals during the bleed off. The flow neter was not used
during pressurization because of the probable adverse effects
of punp pulsations on the flowreter.

Resul ts
G aphs of pressure versus time during the 24 hour test

period are presented in Figures 2 to 16. The graphs generally
indicate the pressure decay rate is maximum at the begi nni ng of



the test period and decreases to sone near constant rate toward
the end of the test period. Results fromthe Bryan Mund well
tests (Reference 17) indicate sinilar trends, though initia
decay rates were generally greater in the Bryan Mund results.
These trends were theorized in Reference 17 to be associated
with a reverse salt creep inmediately after bringing the
wellhead pressure fromatnospheric to test pressure. The
portion of the curves of Figures 2 to 16 that were used in the
leak rate cal culations are indicated by the straight line
through the last several hours of test data. The pressure
decay rates were deternined fromlinear regressions of the data
indicated. The pressure decay rate determned fromthe |inear
regression is obviously dependent on the data used. The data
to be used was generally selected by visual determnation of
the last six or nore hours of data which appeared to closely
fit a straight line. Maxinum deviations of data thus selected
fromthe fitted curves appear to be pressures at 20.0 and 20.5
hours for well 116 (Figure 16), which imediately followed a
seven hour loss of data. To determine the significance of such
deviations, a second |inear regression was run wthout the 20.0
and 20.5 hour data. The results indicated the inclusion of
these two data points caused the cal cul ated pressure decay
rate, and therefore, leak rate, to be 4.9-percent higher than
it would otherw se have been

G aphs of pressure versus volume results obtained during
bl eed off through the flowreter for two representative wells
are presented in Figures 17 and 18. The graphs are for wells
havi ng m ni rum and maxi num val ues of elasticity (volume change
per unit ﬁressure change) and are typical of data for all
wells.  The slope of the pressure versus volunme data is maxinum
and generally fairly linear during withdrawal of the first 2.0
to 2.5 barrels. However, as the well pressure gets further
fromthe test pressure and nearer to zero pressure, this slope
decreases substantially. This characteristic is believed to
result fromwell closure due to salt creep with the Iarﬁe
change in pressure. The linear portion of the data with the
straight line fairing was used for determning well elasticity
for use in leak rate calculations. The slope is determ ned
froma linear regression of the data and well elasticity is the
reci procal of this slope.

Results fromtests of all the wells are sumarized in Table
. Included in the table are vol unmes measured during o
pressurization and depressurization, values of well elasticity
and pressure decay rate determned fromthe test data, and the
resulting calculated leak rates

Wth the exception of well 102, well elasticities from
?raphs simlar to those of Figures 17 and 18 are shown in Table
to be within the range of 0.00405 to 0.00484 bbls/psi. These

values are 11 to 33-percent above the contribution of brine
compressibility for a nomnal brine volune of 1660 bbls in the



wells. This correlation of neasured well elasticity with brine
conpressibility is conparable to that of the Bryan Mund wel |
test results (Reference 17), though there is considerably |ess
scatter in the

or he present results. The unusuaII%_high val ue of
elasticity for well 102 is possibly due to a higher than
nom nal well vol une.

The bl eed off volunme indicated by the flow neter is on the
average about 0.16 bbls less than the tank neasurenent vol une.
This result is due in part to the fact that toward the end of
the bleed off, the flowrate was too lowto activate the flow
nmeter.  The randommess of the differences is believed due to
the relatively crude tank neasurenment technique

The differences between tank neasurements of vol umes
injected and vol umes bled off is quite random Cenerally, the
ditference iS positive, as expected, but is less than would be
calculated fromthe total pressure drop during the 24 hour test
period and the experinental value of well elasticity. For
wel |'s 102, 105, 115 and 116, negative differences are
indicated, a result which does not appear reasonable.

Pressure decay rates of Table | are taken directly fromthe
Pressure tinme history graphs of Figures 2 to 16.  The |eak
rates shown are the products of experimental values of well
elasticities and pressure decay rates nmultiplied by 8760 hours
per year.

It is noted that results for nore than one test are shown
for wells 104, 108, 110, 111, 114 and 115. Al of these wells
with the exception of well 104 were re-tested because the first
test indicated |eak rates significantly above the criterion.

In all cases, the leak rate decreased In |ater tests
Generally, it is believed that the decrease with tinme of the
val ue of calculated leak rate is due to the well having been
pressurized | onger before subsequent tests, with an attendant
reduction in the effect of reverse salt creep follow ng
pressurization. This explanation is not believed to apply to
the well 111 results, where the third and fourth tests showed
substantial reductions in |eak rates fromthose of the
preceedingtests. No explanation is available for this
behavior, though it is what mght be expected if there was a
| eak path which was gradually being closed up.

Only wells 114 and 115 show | eak rates for the final test
in excess of the criterion. The excess |leak rate for these two
wel I's was not considered serious and a decision was made by DOE
to accept them
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Well

101
102
103

104
104

105
106A
107

108
108

109

110
110
110

11
111
111
111

112
113
114
114
114
115
115
115

116

Test
Date
5/3
5/11
4/5

4/4
4/5

5/12
No Test
5/5

4/6
4/8

4/10

5/6
5/8
5/10

a/17
4/19
5/14
5/16

5/21
5/22
4/17
5/10
5/12
4/8

4/11
4/13

5/20

TABLE I -~ SUMMARY OF TEST RESULTS

Measured Volune, BBLS Bleed Off
R e qgui1r e d Volume, BBLS Well Pressure Leak
To During Indicated by Elasticity Decay/Rate Rate
Pressurize Bleed Off Flow Meter BBLS/PSI Psi/Hr BBLS/YR
4.834 4.679 3.143 0.00437 1.676 64
4.835 4.985 4.976 .00542 0.139 7
3.600 3.555 3.690 .00441 0.664 26
4.964 4.810 .00462 1.504 61
4.671 4.643 4.524 .00474 1.327 55
3.535 3.665 3.690 .00405 1.385 49
6.862 5.460 5.286 .00434 1.342 57
3.800 3.395 3.548 .00454 3.213 128
3.791 3.719 3.714 .00449 2.419 95
3.888 3.743 3.952 .00450 1.699 67
5.838 3.587 3.333 .00425 2.971 11
4.054 3.650 3.405 .00444 2.805 109
4.483 3.819 3.524 .00432 2.465 93
4.248 4.179 3.952 .00438 3.885 149
4.205 4.060 3.595 .00443 4.273 166
4.482 3.782 3.762 .00433 3.110 118
3.996 3.899 .00431 1.797 68
4.143 .00456 0.449 18
3.929 .00432 1.944 74
3.664 3.507 .00437 3.163 121
3.725 3.561 3.286 . 00444 2.684 104
3.471 3.405 3.357 .00444 2.799 109
3.524 3.655 3.833 .00458 3.807 153
3.598 3.540 2.815 112
3.772 3.656 3.690 .00451 2.880 114
4.502 4.510 4.143 .00459 1.642 66
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BRADENHEAD
FLANGE ¥ WELL
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MEAN _ | 101
LEVEL T1 102
48" CONDUCTOR —| a4 :oa
cASMNG ¥ 04
& 108
36" SURFACE —— 106A
cASNG 107
WOICATES 108
¢l 109
TO SURFACE 9 110
26" INTEMMEDIATE — m
CASING - L 112
« 113
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20" PRODUCTION —— | 118
Casma L 118
UMDERCUT (d,) ——|
16" FIRST
STRING
n E—
OPEN HOLE (d))) ——|

10 3/4” SECOND
HANGING STRING

NOTE: SURFACE CABING 30° FOR WELLS 102 AND 104

12
.7
98
71
7
94

DRMENSIONS - FEET WNCHES
dy dy de dg aq a4, de dq dg d, a)

1564 2141 2412 2782 2708 4941 5008 1589 2030 22 18 1/2
1887 2143 2422 2789 2630 4981 5017 1803 2048 22 18172
1570 2154 2413 2767 2782 4922 s026 1840 2020 22 18172
1814 2074 2423 2006 2008 4953 5014 1842 2087 22 17172
1580 2148 2434 2802 2808 4933 8020 1828 2039 22 1712
1607 2102 2303 2694 ) 5008 s111 1841 2048 * 28
1624 2179 2454 2770 2856 4923 5015 1891 2041 22 1712
1811 2144 2400 2769 2170 4088 5020 1858 2048 22 18472
1209 2132 2458 2889 2861 4016 s0s6 1598 2048 22 17 12
1689 2169 2422 2782 2783 4048 so13 1678 2084 22 17172
1877 2296 2828 2885 2099 4941 s023 1971 2171 22 12
1663 2213 2428 2088 - 4033 8015 1641 2041 1712 1712
1813 2231 2760 3120 3133 4984 5040 1912 2108 22 18 1/2
1698 2217 2440 2799 - 4945 50158 1660 2088 1712 1712
1684 2191 2438 2098 2918 4947 5020 1704 2084 22 171/2
1465 2220 2601 2031 3081 4933 so11 1764 2079 22 1712

Figure 1 - Well

Ceonetries

dg -~ DEPTH FROM MEAN SEA LEVEL TO TOP OF CAPROCK
dg - DEPTH FROM MEAN SEA LEVEL TO TOP OF SALT
* « 79 FEET OF 20" CASING LODGED BETWEEN DEPTHS OF 2690 AND 2769 FEET
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Figure 9 - Pressure-Tine
Hi story for well 109
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Figure 16 - Pressure-Tine
Hi story for Well 116
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Figure 17 - Pressure-Volunme Results During
Depressurization of Wel| 102
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